Boron doped graphite nano particles were used as functioning elements for creation of electrodes for the detection of uric acid in biological samples. The electrode obtained in this manner was capable of oxidizing ascorbic acid at lower potentials. This provided a desirable solution to the interfering problem encountered in the detection of uric acid in biological samples caused by ascorbic acid. The detectable concentrations for uric acid ranged from 5.0 to 130 μM. The applicability of the electrode was experimentally demonstrated by the successful direct detection of uric acid in real urine samples.
Introduction
Uric acid (UA) is the primary product of purine metabolism, and has long been used as a key marker for the diagnosis of gout and Lesch-Nyhan syndrome. [1] [2] [3] In clinical practices, certain amounts of body fluid samples, such as serum or urine, were collected and the UA concentrations were detected through a desirable analytical-chemical method.
The normal UA concentrations in serum are typically found in the range of 4.1 -8.8 mg/dL; however, in urine, 250 -750 mg/dL, respectively. 4 Electrochemical methods, due to their high simplicity and the rapid detection, have been the typical methods for UA detections. 5, 6 Other methods, such as the colorimetric method 7 and the enzymatic method 8 have also found potential applications. In earlier electrochemical procedures with the common glassy carbon electrode as the working electrode, ascorbic acid (AA), a chemical species that commonly exists in serum and urine, was oxidized at a potential that was close in proximity to that for UA; this resulted in a very poor selectivity and sensitivity for UA detection. 9 Developing electrodes that are selective for the detection of UA have been the key approach to overcome the AA interfering difficulty; this has commonly been achieved by so-called modified electrodes as working electrodes. For example, the common glassy carbon electrodes after being modified with some desirable polymers, such as DNA, 10 polysulfosalicylic acids, 11 poly(4-vinylpyridine), 12 and poly(N,N-dimethylaniline), 13 or simply by covering the electrode with Nafion film, 14 were found to be capable of detecting UA without the any interferences by AA. However, polymer-modified electrodes were found to have low stability due to the fact that the polymers could be either swollen or decomposed after long-term measurements (around 30 measurements). 15 Other certain disadvantages, such as leaching of the electron transfer mediator, the difficulties encountered in the renewal of the electrode surface after each measurement, also need to be overcome. 15, 16 It is well known that chemical doping is a practical, yet feasible, approach to altering and/or adjusting the electronic properties, and thereby the selectivity of the carbonaceous electrodes. In fact, the so-called boron-doped diamond, due to their advantageous electrochemical properties, had shown many applications in electrochemical analysis. 17 In this study, we used boron-doped graphite nano particles (nano-BDG), which are inexpensive, and have been massively produced carbonaceous materials for the creation of electrodes of high selectivity for the electrochemical detection of UA. The working electrodes obtained with the nano-BDG as functioning elements were found to be capable of detecting UA without interference by AA under acidic conditions. The possible working behavior with the nano-BDG electrode was discussed and the practical applicability was demonstrated by successfully direct detecting UA in real body fluid samples. To the best of our knowledge, this is the first report dealing with the use of boron-doped graphite nano particles as working electrodes for the detection of uric acid in body fluid samples.
Experimental

Reagents
Uric acid (UA) with a purity >99% was purchased from Kanto Chemical Co. Inc. (Tokyo, Japan). L-Ascorbic acid (AA) with a purity of 99% was obtained from Nakarai Chemicals, Ltd. (Kyoto, Japan). Liquid paraffin (0.838 g/mL, 20 C) was purchased from Wako Pure Chemical Co. Ltd. (Osaka, Japan). Boron-doped graphite nano particles (nano-BDG, containing approximately 2 wt% boron with a specific surface area of around 60 m 2 /g, suggested by the manufacture) were obtained from Nippon Steel Chemical Carbon Co., Ltd. (Tokyo, Japan). All solutions were prepared using Milli-Q deionized water. The sample solutions were deoxygenated by deaeration with high-quality nitrogen gas.
Apparatus
Cyclic voltammetry was performed by a Model-600C electrochemical analyzer (BAS Inc., Tokyo, Japan) with a conventional three-electrode cell. A nano-BDG based electrode (2.0 mm diameter) was used as the working electrode, and was prepared in our laboratory. An Ag/AgCl (3.0 M NaCl) electrode and a Pt wire were used as reference electrode and counter electrode, respectively. Raman spectroscopy was processed using an RMP-200L laser Raman (Jasco, Tokyo, Japan). X-ray diffraction (XRD) experiments were conducted using an X-ray diffractometer (Rigaku, Tokyo, Japan). Morphology observations and element analyses were performed using a JEOL-JSM-6360LA (JEOL, Tokyo, Japan) scanning electron microscopy (SEM) with an energy-dispersive X-ray spectroscopy (EDS).
Preparation of the working electrodes
The working electrodes were prepared as follows. Nano-BDG particles (3.0 g) and liquid paraffin (1.5 mL) were mixed in an agate mortar, and exhaustively hand-mixed with an agate pestle. A certain amount of the resultant paste was packed into a PFA tube (2.0 mm internal diameter).
Electrical contact was established via a copper wire (1.5 mm diameter) with transversal section. For each analysis, the working electrode surface was newly produced by cutting the surfaces of the nano-BDG packed PFA tube (the working electrode). A common glassy carbon electrode (3 mm in diameter), used as the working electrode for comparison studies, was prepared by polishing the electrode with a chamois leather containing Al2O3 slurry, and then ultrasonically cleaned in Milli-Q water, and finally wiped with filter papers. Figure 1A shows a typical Raman spectroscopy for the nano-BDG particles. The G band was observed to shift toward a higher frequency of 1589 cm -1 compared with that of the normal graphite;
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18-20 the D band occurred at 1356 cm -1 . Way and Lee suggested in their literature that boron-doping can result in forming so-called electron-deficient hexagonal structures; this leads to a decrease in the π electron density between the graphite planes and, as a result, to a shorter interlayer distance. 21, 22 In our study, this was confirmed by XRD data. The data obtained in an XRD analysis of the nano-BDG particles showed 0.343 nm d-spacing (Fig. 1B) , which is slightly shorter than that of the starting material (d = 0.366 nm). The SEM image (Fig. 1C) and the dynamic light-scattering size distribution (data not shown) of the nano-BDG particles reveal that the particle sizes ranged from 80 to 320 nm. Furthermore, energy-dispersive X-ray spectroscopy (EDS) of boron and carbon mapping showed that the boron element in the graphite was in a uniform distribution manner (Fig. 1E) .
Effects of the sample solutions' pH
McIlvaine buffer solutions containing 100 μM UA and 0.1 M KCl having different pH values (pH 8.0, 7.0, 6.0, 5.0, 4.0, and 2.2) were prepared for studying the effects of the pH of sample solutions. The position of the oxidation peak for UA shifted to higher potentials of a rate of about 60 mV/pH as the pH decreased (Fig. 2) . Moreover, anodic peaks having sharp shapes were obtained at pH 2.2, 4.0, and 5.0, respectively.
Next, samples containing both UA (50 μM) and AA (100 μM) were analyzed. A base-line separation of the UA peak from the AA peak was obtained at pH 5.0, 4.0, and 2.2, respectively (Fig. 3) . The highest sensitivity for UA was obtained at pH 2.2. We note here that the common glassy carbon electrode (GCE) also gave peaks for UA and AA; however, the UA peak was much broader and was largely overlapped by the AA peak (Fig. 4) .
Electrochemical behaviors
The data on the peak-to-peak separation (Ep) of UA and AA plotted as a function of the sample solution pH (Fig. 5) . Under identical pH values, for example, at pH 2.2, AA was oxidized at about 0.39 V on the nano-BDG electrode; however, this occurred at 0.47 V on the common GCE. The oxidization of UA was observed at around 0.64 V at pH 2.2; this was irrespective of the types of the working electrodes. In other words, the nano-BDG based electrode showed a higher selectivity and sensitivity for the detection of UA than the common GCE; this fact can be attributed to the distinguishing behaviors of the nano-BDG electrode oxidizing AA at lower potentials. The value of Ep for UA and AA, obtained using the nano-BDG based electrode, was 25 mV, while it was 16 mV for the GCE, at pH 2.2. Similar trends were also observed at other pH. The nano-BDG particles differed from the common glassy carbon from both physiochemical and morphological points of view. From physiochemical point of view, the nano-BDG particles contained a sufficient number of boron elements; boron after being doped in graphite showed high tendencies for bonding oxygen atoms of the targeted chemicals (in this study, UA and AA) 23, 24 than the common glassy carbon (namely, the un-doped carbon). On the other hand, from morphological point of view, the nano-BDG particles have a high proportion of edge atoms, which are known to have a relatively high reactivity compared with the in-plane atoms. [25] [26] [27] [28] The common glassy carbon, on the other hand, is a typical non-graphitizing carbon with the in-plane carbon atoms as the essential building elements. 28 In conclusion, the high efficiency found for the nano-BDG based electrode for the detection of UA was the result of synergistic effects of the boron-doping and the nano-sizing treatments. Figure 6 shows the typical calibration curve for UA in a concentration range of 5.0 -130 μM (pH 2.2 for all samples). The linearity (R 2 ) was found to be 0.9993. A sample containing 50 μM UA was analyzed 20 times to evaluate the reproducibility of the nano-BDG electrode for UA detection. The relative standard error (RSD) was found to be better than 1.2%.
Calibration curve and the reproducibility
Detection of UA in urine samples
The applicability of the nano-BDG based electrode as a sensor for the electrochemical detection of UA in a body-fluid sample was demonstrated by the direct detection of UA in human urine samples. The urine samples were diluted 100 times by a pH 2.2 McIlvaine buffer solution before measurements. Figure 7 shows the typical experimental results for a typical urine sample together with urine samples added 20 and 40 μM UA. UA was found to be 2.14 mM in this urine sample.
Conclusions
Electrodes obtained by using boron-doped graphitic nano particles as the functioning elements showed high performances for the direct detection of uric acid in biological samples. The ability of oxidizing ascorbic acid, co-existing compounds that interfere with the detection of uric acid with the common electrodes at lower potential was the key function for achieving this goal. The electrode built up in this study would have a number of applications in clinical analysis.
